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8af lllte Communications system 

The invention refers to a satellite conmunicationB system. 
More particular, the invention refers to a method for 
10 illuminating an area of interest on earth with a downlink 
signal -o be received by a mobile' user terminal. 

Communication satellites especially on a geostationary 
earth orbit (GEO) provide an effective platform to relay 

15 radio signals from an earth station to a plurality of 
direct-to-home (DTH) satellite dishes. A commercial 
satellite communication system ia composed of the space 
segment and the ground segment. In principle, the space 
system of a GEO-system includes the satellite operating an 

20 orbit and a tracking, telemetry, and command (TT&C) 
facility that controls and manages the operation. 

For the actual reception of services of the most existing 
geostationary satellite systems, the user needs a 50 cm 

25 dish for quasi error-free reception. When using thie kind 
of antenna for a mobile user terminal, an automatic 
tracking is necessary. However, automatic tracking can 
only be achieved by a closed loop tracking of a beacon 
mounted on a satellite. Obviously, such a closed loop 

30 tracking is very expensive and may even reguire the use of 
an inertially controlled platform for the mobile antenna. 
Another possibility for achieving mobile communications 
with a geostationary satellite is the use of 
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electronically controlled antennas. Compared with a 
mechanical tracking, this aolution simplifies the mounting 
of the antenna, but still needs an expensive closed loop 
tracking system. Finally, in the case of a high elevation 
5 angle of the satellite, the use of fixed zenith pointing 
antennas which have a sufficiently large 3dB beam width 
can be considered. However, thia applies only tS a few 
areas of interest on earth. 

10 Several solutions are known to facilitate the use of a 

mobile receiver within a satellite communications system. 

From OS 5 4 63 656 A it is known to use a combination of 
video bandwidth compression, spread spectrum waveform 

15 processing ar.d an electronically steered, circular 

aperture phased array antenna to provide full broadcast 
quality video communications with an aircraft via a. 
satellite communications link. A conventional 
geostationary satellite in Ku-band or C-bnnd is assumed 

20 for this purpose. 

From OS 6 0*?5 969 A it is known to decrease the size of C- 
band or Ku-band receiving antennas within existing 
satellite configurations. In order to avoid unwanted 
25 interferences with other satellites, the receiving antenna 
is designed vith nulls in orbital locations where 
potentially interfering satellites are located. 
Furthermore, spreading the bandwidth reduces the power 
density below the FCC limitation. 

30 

From OS 3 8 36 969 A it is known to operate a 
communications satellite in a quasi-geostationary orbit 
having a selected inclination relative to the equatorial 
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plane of the earth. The inclination and orientation of the 
satellite is such that Its inclination remains bounded by 
the initial volue during the lifstime of the satellite so 
that the need of on-board north-south station keeping 
5 means is obviated. Furthermore, additional satellites are 
operated on inclined orbits, wherein each of the satellite 
orbits being progressively inclined as related £o er.y of 
the other orbits and wherein a switching means performs 
switching from one satellite to another at selected times 
10 of the year. This disclosure considers the operation of a 
satellite in an inclined orbit in connection with the 
limited propellents of a satellite, but not in connection 
with mobile communications. 

15 It is an object of the invention to provide a satellite 
communications system which enables communication with a 
mobile user terminal via conventional communication 
satellites on any area of interest on earth. 

20 This object is solved by a method according to the claims 
1-8 and a user terminal according to the claims 9-11. 

The method for illuminating an area of interest on earth 
with a downlink signal comprises the steps of operating a 
25 quasi-geostationary satellite in an inclined orbit, and 
sending a spread downlink signal s' It) from said quasi- 
geostationary satellite to said area of interest on earth. 

The term of a quasi-geostationary satellite in the context 
30 of the present invention means every satellite which 
maintains in average its geostationary position with 
regard to a specific degree of longitude on earth but 
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which is subject to perturbations due to a selected 
inclination relative to the equatorial plane of the earth. 

Fig. 2 shows the movement of the satellite as seen from 
5 earth stations due to a non-zero inclination, i.e. 

operation in an inclined orbit. The movement result's in 
particular in a north-south oscillation of the Satellite 
per day. Having inclinations of a few degrees, this 
movement is not acceptable for conventional h.lgn-bandwidth 
10 transmissions. 

At first sight, the operation in an inclined orbit is not 
advisable for geostationary satellites because the non- 
zero inclination causes a figure-eight daily movement of 

15 the satellite which degrades the reception properties. 

However, combining the operation in an inclined orbit with 
spread spectrum communication leads to the advantage that 
the apparent daily movement enables to employ diversity 
concepts. Even during the unfavourable positions o£ the 

20 satellite with regard to the area of interest on earth, a 
conmunication is still possible due to the increased 
signal to noise ratio which can be achieved by spread 
spectrum modulation. Another advantage due to the 
increased signal to noise ratio is the fact that the 

25 orientation of the receiving antenna of the mobile user 
terminal with regard to the downlinX antenna is more 
tolerant towards misalignments which can be caused by a 
movement of the corresponding vehicle. 

30 * further advantage of the invention is the fact thst the 
limited orbit slots for geostationary satellites can be 
utilised more efficiently. 
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Spread spectrum modulation and demodulation is a 
communication technique wherein the transmitted modulation 
is spread (increased) in bandwidth prior to transmission 
over the channel and then dispread (decreased) in 
5 bandwidth by the same amount at the receiver. By far the 
meat popular spreading techniques are direct sequence (DS) 
modulation and frequency hopping (FH) modulation. 

A direct sequer.ee modulation is formed by linearly 
10 modulating the cut put sequence of a paeudo random number 
generator onto a chain of pulses, each having a duration 
called the drift time. This type of modulation is usually 
used together with binary phase-shif t-keyed (BPSK) 
information signals. As such the modulated signal is 
15 formed by first multiplying (roodulo-2) the pure 

information bit 9tream with the pseudo noise sequence and 
then modulation the phase of a clean carrier with the 
resulting signal. 

20 At the receiver, either the pseudo noise waveform is 

already available or the receiver must first acquire the 
pseudo noise waveform. That is, the local pseudo noise 
random generator that generates the pseudo noise waveform 
at the receiver used for dispreading must be aligned 

25 (synchronized) within one chip of the pseudo noise 

waveform of the received signal. This is' accomplished by 
employing some sort of search algorithm which typically 
Steps the local pseudo noise waveform sequentially in time 
a fraction of a chip (e.g., half a chip) and at each 

30 position searches for a high degree of correlation between 
the received and local pseudo noise reference waveforms. 
The search terminates when the correlation exceeds a given 
threshold, which is an indication that the alignment has 
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been achieved. After bringing the two paeudo noise 
waveforms into course alignment, a tracking algorithm is 
employed to maintain fine alignment. The most popular form 
of tracking loops are the continuous time delay- locked 
5 loop and Its time multiplex version, the tao-dither loop. 

A frequency hopping modulation is formed by non-linearly 
modulating a chain of pulses with a sequence of pseudo- 
randomly generated frequency shifts. This modulation 

10 signal is multiplied by e complex multi-frequency-shift- 
xeyed (MFSKJ information signal. At the receiver, the sum 
of the transmitted signal and the channel interference is 
complex multiplied by the identical frequency hopping 
modulation which returns the transmitted signal to its 

15 original MFSK form. Analogous to the direct sequence case, 
the receiver must acquire and track the frequency-hopped 
signal so that the dehopping waveform is as close to the 
hopping waveform as possible. 

20 An important quality of a spread spectrum communication As 
the processing gain of the system which is defined by the 
ratio of the spread spectrum bandwidth and the bandwidth 
of the signal. The processing gain is a measure for 
diminishing the influence of interference on the receiver 

25 performance. Thereby, even if the satellite performs a 

movement seen from earth stations according to Fig. 2 and 
thus does not fulfil the requirements for a reception by 
direct-to-home satellite dishes using conventional 
modulation techniques, a reception is now possible using 

30 spread spectrum techniques. 

The error probability of the received and despread payload 
signal p' (t) can be achieved by adjusting the spreading 
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ration or the spread spectrum modulation accordingly. This 
can be done undor the assumption of a given antenna gain 
of the antenna of said user terminal so that for typicslly 
used antennas the error probability will be sufficiently 



Usually, the spread spectrum modulation comprises the 
steps of generating a pseudo noise signal PN(t) and 
modulating a payload signai p<t) with said pseudo noise 
10 signal PN(t) to generate said spread uplink signal s(tj. 
Accordingly, the spread spectrum demodulation comprises 
the step of correlating said 6pread downlink signal s»(t) 
with said pseudo noise signal PN(t) to generate said 
despread payload signal p" (t) . 

15 

Effectively, such correlating of said spread downlink 
signal s' (t) and said pseudo noise signal pN<t) is 
achieved by delaying said first pseudo noise signal PN(t) 
and multiplying the delayed first pseudo noise signal 
20 PN(t) and said spread downlink signal s'(t). The pseudo 

noise signal PM(t) could be a binary pseudo noise sequence 
which is generated by means of a feedback shift register 
or a memory device in which a sequence of values of a 
pseudo noise signal is stored. 

25 

The spread- spectrum modulation can be carried out at the 
earth station before transmitting the uplink signal or by 
on-board processing at the satellite. 

30 The first case comprises the steps of modulating an uplink 
sigual p(t) by spread spectrum modulation with a certain 
opreading ratio to generate a spread uplink signal s(t), 
transmitting said spread uplink signal s (t) to said quasi- 



5 



low. 
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geostationary satellite, and converting said spread uplink 
signal s(t) to said spread downlink signal s'(t). 

The second case comprises the steps of transmitting an 
5 uplink signal to said quasi -geostationary satellite, on- 
board processing in said quasi-geostationary satellite the 
uplink signal by spread spectrum modulation witn a certain 
spreading ratio to generate said spread downlink signal 



10 

Digital on-board processing supports flexible on-board 
traffic routing and demand based capacity allocation. 
Signals are transmitted to the satellite and are received 
and processed by one or more satellite modules. The 

15 digital on-board processors include demodulators, 

demultiplexers, switches, multiplexers, modulators and 
traffic manager software in order to regenerate, to switch 
and to multiplex the data as received from the different 
locations. Such on-board processors aie called 

20 "regenerative on-board processors" or in conjunction with 
multi-beam receive/transmit antennas "regenerative multi- 
. team on-board processors" and provide inter-bean routing 
functionality and fast packet switching (like ATM, IP . . . } 
to support single hop interconnectivity. The following 

25 functionalities can be supported: 



s' (t) . 



30 



Combining of signals from different uplink 
stations/sites which ere received via multi-beam or 
single beam antennae from one or more satellite 
modules of the satellite cluster. 



Data regeneration, switching ar.d multiplexing. 



(28) 



JP 2004 510393 A 2004. 4. 2 



WO 02/17974 PCTflEFO 1/1 1206 

9 

Denand based capacity allocation. Also the receive 
coverage can be managed dynamically. The on-board 
processor supports full meshed connectivity, allowing 
to switch channels/traffic from "any site to any 
5 site" (inter-beam routing) . Switching of channels and 

beams is therefore done on an individual basis 
(flexible routing). 

On-board traffic management and collection of billing 
10 raw data. 

On-board processor supports burst and constant bit 
rate applications. 

15 - Data formatting compatible with accepted downlink 
standards (MPEG, DVB . . . ) . 

Supports packet switching, circuit switching and 
frame switching. 

20 

Another family of on-board processors are DVB on-board 
processors, which re-multiplex different uplink channels 
into one or more DVB downlink transport streams. Uplink 
signals are received and routed to the on-board processor 
25 for remultiplexing and the transport streams are routed to 
one or more cluster satellites for their' subsequent 
downlink. 

According tc another aspect of the invention, the station 
30 keeping control of said satellite is restricted to 

longitude drift corrections and eccentricity corrections. 
This feature enables to operate a satellite in En inclined 
orbit with a substantial reduced consumptions of the 
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limited propellents. Although the communications equipment 
on the satellite represents a substantial investment, a 
satellite operating lifetime is typically only of the 
order of 12 years and is mainly limited by the 
5 availability of its propel lants. 

For an effective use of satellites, propellents "are 
necessary for station keeping and stabilization. Ideally, 
a satellite in a geostationary orbit should reiwin in a 

10 fixed position because the gravitational and centrifugal 
forces on it are equal. Unfortunately, however, the 
gravitational forces on a geostationary satellite are not 
constant. The gravitational forces on the sun and neon on 
a geostationary satellite cause a change in the 

15 inclination angle of the satellite. Orbital calculations 
also assume that the mass of the earth is uniformly 
distributed in a perfect sphere. Actually, the earth is 
slightly egg-shaped. This error causes a change in the 
longitude of geostationary satellites. 

20 

The station keeping subsystem in a satellite provides 
small thrusters rockets that are periodically used to move 
the satellite back to an inclination angle of zero 
degrees. Furthermore, the station keeping subsystem is 

25 also used to keep geostationary satellites in their 
assigned longitudes. The thrusters rockets used for 
station keeping use gas that is stored in tanks in the 
satellites. Hydrazine gas is often used for the thrusters 
rockets on satellites. The amount of gas stored in the 

30 tanks for the thrusters rockets is one of . the main limits 
on the effective lifetime of a geostationary satellite. 
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On the other har.d, geostationary satellites equipped with 
narrow beam antennas pointing towards specific sides on 
the earth require more and more precise station keeping as 
the beams become narrow. This precision also permits the 
5 use of ground station antennas with fixed pointing. 
Furthermore, the adoption of a strict station keeping 
tolerance for satellites permits better utilization of the 
orbit of geostationary satellites and the radio- frequency 
spectrum. Therefore, for satellites carrying high- 
ly performance satellite transponders it is aimed to have a 
most accurate station keeping. 

Fig. 1 shows a station- keeping window with coranon 
dimensions for a geostationary satellite. As it is in 

15 practice impossible to maintain the satellite absolutely 
imnobile with respect to the earth, the volume available 
for reLative displacement of the satellite with respect to 
its original central position has got typical 
specifications of ± 0,05" in longitude and latitude and a 

20 4 - 10'* variation of the eccentricity. In order to keep 
the geostationary satellite within the station-keeping 
window velocity increments Av to the satellite are applied 
at a point in the orbit. Those velocity increments are the 
result of forces acting in particular directions on the 

25 centre of mass of the satellite for sufficiently short 
periods compared with the period of the orbit/ so that 
those increments can be considered as impulses. It can be 
ehown that an impulse in <p-direction modifies the 
inclination, an impulse in r-direction modifies the 

3D longitude and the eccentricity and an impulse in X- 
direction modifies the drift and the eccentricity. 
Actuators are, therefore, mounted on the satellite and are 



(31) JP 2004 510373 A 2004. 4. 2 



WO 02/27976 PCT/KPOI/1I2M 
12 

capable of producing forces perpendicular to the orbit to 
control the inclination and tangential forces. There is no 
need to generate thrusts in the r-direction since a 
modification of the longitude is obtained from a drift 
5 created by the X-impulses which also permit the 

eccentricity to be controlled. The actuators thus permit 
independent control of movements out of the plane of the 
orbit, so-called north-south station keeping, and 
movements in the plane of the orbit, so-called east-west 
10 station keeping. 

East-west station keeping is provided by thrusts acting 
tangentially to the orbit in the ^.-direction according to 
Fig. 1. It can be shown that east-west station keeping is 
15 absolutely necessary for the operation of a communication 
satellite because otherwise natural drift to the satellite 
leads to a change in the eccentricity so that the 
satellite no longer remains geostationary with regard to a 
defined position on the equator. 

20 

North-south station keeping is achieved by thrusts acting 
perpendicularly to the plane of the orbit thereby 
modifying its inclination. It can be shown that only long- 
term drift of the inclination vector has to be corrected 
25 since the amplitude of periodic perturbations remains less 
than 0.1* in latitude. The effect of the long-term drift 
is an inclination drift of about 0.V - 1* per year. 

The overall costs of station keeping for north-south 
30 control and east-west control under consideration of the 
station- keeping window according to Fig. 1 is of the order 
of: 
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43-48 m/s per year for north-south control 
(inclination correction) and 



5 



1 - 5 ro/o per yeor for east-west control (longitude 
drift and eccentricity corrections) . 



When the propellanta are consumed, station keeping is no 
longer provided and the satellite drifts under the effect 
of the various perturbations. In particular, it adopts an 

10 oscillatory movement in longitude about the point of 

stable equilibrium which causes it to sweep a portion of 
space close to the orbit of other geostationary 
satellites. Therefore, a special procedure is adopted 
which aims to remove satellites from the geostationary 

15 orbit at the end of their lifetime. Using a small quantity 
of propellanta which is reserved for this purpose the 
satellite is placed in a orbit of higher altitude than 
that of geostationary satellites. Therefore, after this 
operation the satellite can no longez be used for 

20 communication purposes so that all investments in the 

communication equipment have to be profitable within the 
limited lifetime of the satellite. 

Since the launching of satellite began increasingly to be 
25 important ten years ago, within the next years a lot of 
satellite transponders have to be sorted "out due to the 
forthcoming end of their lifetime. However, the 
communication transponders still could be used a few more 
years so that the lifetime of these satellites is firstly 
30 limited by their decreasing availability of propellanta. 

On the other hand, the available orbit slots in the 
geostationary orbit are alao limited so that it is of 
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saving as possible. 



Furthermore, a very important cognition is the Tact that 
5 the station keeping budget for north-south control is much 
higher than tho budget for east-west control. Therefore, 
it is suggested not to provide any further inclination 
correction by north-south control, but to restrict the 
station keeping control of the satellite to longitude 
10 drift and eccentricity corrections. Due to this 

restriction in position control there is a natural drift 
in the negative <p-direction so that the inclination of the 
satellite decreases each year by approximately 0.8*. 



15 Before restricting the station keeping control of the 

satellite to longitude drift and eccentricity corrections, 
the satellite can be positioned on a maximum permitted 
inclination such that the initial inclination vector is 
parallel to and opposed to the main direction of the 

20 natural drift. In particular, the moment for positioning 
the satellite on the maximum permitted inclination is 
chosen at the end of its lifetime before complete 
exhaustion of the propellent reservoirs. Without the 
provision of inclination correction, the inclination of 

25 the satellite decreases then approximately 0.8* per year 
and then reaches eventually after several years a maximum 
value which finally determines the end of the operational 
life of the satellite. ... 



30 Hhereas during normal operation the satellite is kept in 
its station- keeping window according to Tig. 1, very 
accurate and high-bandwidth communication is possible to 
ground station antennas with fixed pointing. During this 
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phase, the utilization of the communication channel can be 
optimised and the investment in the equipment of the 
satellite is amortized in relatively short time. 

5 However, at the end of the lifetime of the satellite, as 
described above, the satellite can be positioned on .the 
maximum permitted inclination before complete exhaustion 
of the propellents such that the initial inclination 
vector is parallel to and opposed to the main direction of 
10 the natural drift, and from thereon spread spectrum 
communication is applied. Hence, at the end of its 
lifetime the satellite effectively can be used for mobile 
communication services which require small and non- 
directional antennas at the U9er terminal. 

15 

According to another aspect of the invention, additional 
satellites are operated in co-location with said quaei- 
geostationary satellite forming a satellite cluster. 
Hence, it is possible to provide two or more satellites on 
20 the inclined orbit which perform the same apparent 

movement with a time shift. Thus, the same orbit slot can 
be utilized more efficiently by a plurality of satellites . 

Each satellite in said satellite cluster sends a spread 
25 spectrum downlink signal. If there is a transparent 

transponder in all satellites, all dcwnllnk signals could 
be simply the same, but which might illuminate different 
areas of interest on earth due to different inclined orbit 
positions. If there is an on-board processing in all 
30 satellites, each satellite in said satellite cluster could 
send a separate spread downlink signal SiMt). Each spread 
downlink, signal Si'(t) could be separa-ed by its own 
spreading sequence with low pair-wise cross -correlation 
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for code-division nultiple access (CDMA) . When using CDMA, 
each signal in zhe set is given its own spreading 
sequence. Therefore, all signals occupy the same bandwidth 
and are transmitted simultaneously in time, but are 
5 distinguished fro* one another at the receiver by the 
specific spreading code they employ. Advantageously), 
synchronous CDMA together with orthogonal spreading 
sequences 1g uBod. This means that the set of spreading 
sequences has relatively low pair-wise cross-correlation 

10 between any two sequences in the set. If there is a 

synchronous operation, it is possible to allow orthogonal 
sequences to be used as the spreading sequences which 
eliminates interference from one user to another. 
Therefore, if the downlink signals si'(t) overlap in their 

15 footprint on earth, the available bandwidth can be 

increased. Alternately, if no effort is made to align the 
sequences, the system operates asynchronously which 
introduces multiple access Interference between the 
channels so that the ultimate channel capacity is limited. 

20 However, tho asynchronous mode might exhibit more 
flexibility in system design. 

A mobile user terminal according to the invention 
comprises a mobile antenna with a low directivity, adapted 
25 to receive a spread downlink signal s" (t), which is 

emitted by a quasi-geostationary satellite operated in an 
inclined orbit, and a processing unit for demodulating 
said spread downlink signal s* <t) by spread spectrum 
demodulation. 

30 

According to one aspect of the invention, the mcbile 
antenna is adapted to receive signals with a frequency of 
above 10 GHz. Usually, moat of the known applications for 
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mobile comnuni cations am based on the I-frequency band of 
1.5/1.6 GHz. The advantage of those frequencies is mainly 
the fact of acceptable transmission properties and the 
suitability for satellite transmission. However, within 
5 this frequency band it is not advisable to introduce any 
spread spectrum technique because the resulting bandwidth 
is far too low for today's communication purposes. The 
invention, however, overcou.es the prejudice that 
frequencies above 10 GHz are unsuitable for mobile 
10 communications due to their poor propagation properties by 
using a spread spectrum technique. 

According to another aspect of the invention the user 
terminal comprises a small and mobile antenna. Another 

15 important effect of the introduced processing gain is the 
fact that interferences are diminished on the receiver 
side. Since the interference is introduced after the 
transmitted signal is spread, then, whereas the dispread 
operation at the receiver shrinks the desired signal back 

20 to its original bandwidth, at the same time it spreads the 
undesired signal (interference) in bandwidth by the same 
amount, thus reducing its power spectral density. 
Therefore, according to the invention, a completely new 
application of a communication satellite at the end of its 

25 lifetime is presented. 

In particular, the antenna at the user side could be a 
non-directional flat antenna which could conveniently be 
built in in vehicles or could be integrated in computer 
30 terminals or laptops. Another possibility is to use at the 
user side adaptive phase array antennas based on a planar 
technology. Such an antenna is capable of adaptive beam 
forming so that it is even possible to point the main beam 
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of the respective satellite transponder during while a 
vehicle is in motion so that the signals coming from 
orbital positions of potentially interfering satellites 
can be suppressed. This would reduce the amount of 
5 interfering signals considerably so that the processing 
gain can be decreased and a higher bandwidth of the' -signal 
can be offered. Another possibility is to use a~ small 
dish-antenna with a diameter below 10 or which can be 
directed manually to the satellite. 

10 

According to another aspect of the invention, at least one 
additional satellite is operated in co-location with the 
quasi-geostationary satellite. A further cognition of the 
invention ia the fact that this constellation can bo used 

15 for providing. GPS information data to the receiver. Due to 
improved ranging techniques, the position of a satellite 
can be determined nowadays with an accuracy below one 
meter. Hence, these coordinates of the satellites are 
known with the same accuracy in -he earth station . In 

20 crder to provide GPS information data for a mobile user 
terminal, each of the at least two satellites send a 
reference signal, wherein each reference signal comprises 
a reference time information and a reference orbit 
information Kith regard to the sending satellite. The 

25 processing unit of the mobile user terminal comprises a 
location processor for determining the coordinates of the 
mobile user terminal on the basis of the reference 
signals. 

30 According to another aspect of the invention the spreading 
ratio is adjusted such that the error probability between 
the dispread payload signal p* (t) and the payload signal 
p{t) is below a required error probability under the 
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assumption of a given antenna gain of the antenna of the 
user terminal . A reasonable value of the required error 
probability is the order to 10"*. 

In order to moot efficiently reach the required error 
5 probability, according to another aspect of the present 
invention the spread spec t rum modulation and demodulation 
is combined with a channel encoding and decoding. common 
approach of channel encoding and decoding is to 
periodically insert a known bit or symbol into the 
10 transmitted signal, which can be used to detect the 
occurrence of cycle slips and then to resolve the 
resulting carrier phase ambiguity. 

Forward error control (FEC) coding is a further tool for 

15 achieving a good power and bandwidth efficiency. The 

choice of FEC coding technique is dependent on the number 
of bits that are to be coded as an identifiable group. 
First, consider the case for which only several tens of 
bits are to be coded into a codeword. This situation 

20 naturally arises in a number of circumstances including 
short data packets containing signalling information or 
user data, and for digital voice transmission for which 
additional delays (due to coding) of greater than a couple 
of voice frames is unacceptable and only the most 

25 sensitive bits in the frame are protected with FEC coding. 
For such cases a so-called BCH-code can be used. Another 
possibility is to use convolutional coding with puncturing 
to achieve the desired code rote. Usually, prior to 
convolutional encoding, a field of flush bits is appended 

30 to the end of the field of data bits so that the last data 
bits to be decoded have a similar level of integrity as 
the rest of the data bits. The field of flush bits can 
represent a significant overhead for the tranamission of 
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very short data blocks. Therefore, convoiutional ia 
preferable to block coding because It is more amenable to 
the uae of soft decisions. Eventually, in the case of the 
transmission of a continuous data stream (e.g., digital 
5 voice) so-collcd concatenated coding with a convoiutional 
code as the inner code and a read-salomon code as the 
outer code or turbo coding is used. 

A suitable combination of parameters could be a BCH code, 
10 wheroin the antenna gain of the antenna of the user 

terminal is 20 dB, the required error probability is 10*V 
the chip rate is 55 Mchip/s on a 33 MHz transponder with a 
QPSK modulation and a carrier frequency 11 GHz. in KU-band, 
tho processing gain is 100, the coding gain is 3.5 and the 
15 information bit rate is 4C0 kbit/s. According to these 
system parameters data and/or sound programmes can be 
transmitted from the earth station to a user terminal. If 
an antenna with a higher antenna gain (e.g. adaptive 
phased array antenna) is used, information bit rates can 
20 be even achieved for transmitting television programmes. 

It is understood that all aspects of the invention 
described above can be applied not only in the described 
combination but also in other combinations or alone. 



The invention will now be described by way of an example 
and with reference to the accompanying drawings. 

Fig. 1 shows a station-keeping window with common 



25 



30 



dimensions for a geostationary satellite, 



Fig. 2 shews the satellite movement due to a non-zero 
inclination as seen from earth stations, 
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Fig. 3 shows the choice between a high-bandwidth 

transmission and a spread spectrum transmission 
cccording to the invention. 

Fig. 4 shows a typical application of the spread 

spectrum transmission during the end of lifetime 
of a satellite, 



10 Fig. 5 shows the combination of channel encoding and 
spread spectrum transni'ssion according to the 
invention, 



Fig. S shows the overall rate reduction due to the 
15 introduction of channel coding depending on the 

code efficiency n/k, 

Fig. 7 shows the effect on the bit error rate due to 

the introduction o" a BCH code depending on the 
20 signal-noise-retio per information bit, and 

Fig. 8 shows a plurality of satellites operated on 
orbits with different Inclinations. 



25 Fig. 1 and Fig. 2 have already been described above. 

Fig. 3 shows the choice between a high-bandwidth 
transnissicn and a spread spectrum- transmission according 
to the invention. As long as there are enough propellants 
30 on board of tha satellite to keep the satellite within the 
station-keeping window according to Fig. I, a high- 
bandwidth transndssion can be performed by the satellite 
transponder. Typically, a bandwidth of 38 Mbit/a can be 
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provided so that several channels can be transmitted in 
parallel. The signals of several sources 300 are fed to a 
multiplexer 302. Optionally, the signals of one source can 
be compressed by an appropriate compression algorithm like 
5 MPEG2 for which an appropriate encoder 301 is provided. 
Thereafter channel coding and modulation 303 is performed 
before the signal is fed to the antenna 304 of the earth 
station. The most popular choice of modulation technique 
for higher rate services has been quadrature phase-shift 
10 keying (QPSK) . 

At the roceiver side a dish with a diameter of 50 era is 
provided. Accordingly, channel decoding and demodulation 
306 is performed before the signal is fed to a 
15 demultiplexer 307 and is split to several receiving 

signals which can be received by receivers 309. In case of 
compression techniques a decompressor 308 lg provided. 

A» soon as the satellite reaches its end of lifetime, 
20 according to the invention the satellite is positioned on 
a maximum permitted inclination such that the initial 
inclination vector is parallel to and opposed to the main 
direction of the natural drift and further north-south 
control is omitted. At the same time, transmission is 
25 switched over to a spread spectrum modulation 310 which 
results in a lower bandwidth of e.g. 2 Mbit/s. Due to the 
processing gain only a smaller bandwidth can be provided. 
However, on the other hand the requirements on station 
keeping of the satellite transponder and antenna gain of 
30 the receiving antenna are considerably lower in proportion 
as the Introduced processing gain. Consequently, a flat 
antenna with an aperture cf e.g. 10 era 2 311 for mobile 
communications can be provided. Corresponding dispreading 
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312 takes place before the signal Is fed to the 
denultiplexer 307. 



Fly. 4 shows a typical application of the spread spectrum 
5 transmission during the end of life of a satellite. This 
transmission corresponds to the transmission path 310, 
311, 312 according to Fig. 3. An adaptive phased array 
flat antenna 400 might be used for increasing the antenna 
gain at the receiving side. On the other hand, at the 

10 sending side highly efficient compressing algorithms 4 01, 
like NPEG4 might be used. Thereby information bit rates up 
to 5 Hbit/s can be reached before apreadlng / channel 
coding and modulation 402. The codod signal is transmitted 
with 3B Mblt/s over the satellite transponder 403 and is 

15 received by the adaptive phased array antenna 400, which 
could be installed e.g. in a vehicle 404. At the receiving 
side the spreading, channel decoding and demodulation 405 
takes place and, if necessary, the compression according . 
to the compression algorithm 401. 

20 

According to the application of Fig. 1 it is thus possible 
to provide a transmission of TV-programmes to a mobile 
receiver which could be installed in a vehicle. Although 
the bandwidth efficiency is unacceptable, the breakeven of 
25 the investment costs for the satellite equipment still can 
be reached because the proposed way of transmission is 
provided only at the end of lifetime of the satellite. 



Fig. 5 shows the combination of channel encoding and 
30 spread spectrum transmission according to the invention. 
In addition to adding processing gain by spread spectrum 
technique there is the possibility to introduce coding 
gain by channel coding. In this context, the following 
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rates have to be distinguished: The highest possible rate 
is the chip rate 502 which has to be distinguished from 
the encoded bit rate 501 after channel encoding. The 
information bit rote delivered by the source ia simply 
5 called bit rate 500. 

For adding coding gain to the processing gain the 
following scenarios ore possible: 

10 - First the information is encoded by a block (or 

convolution) code with the rate n/k, and only then 
each encoded bit is spread by the PM-sequence. This 
solution can be considered as a simple concatenating 
of spreading as inner code and block coding as outer 

15 code. 

Another possibility i3 to first encode the 
information bits by a block code of very large rate. 
The encoded bits can then be added (modulo2) to the 
20 chips of the PN-sequence. However, in this case the 

PN-seguence hao to be exactly of the same rate as the 
encoded bit rate. 

According to Fig. 5 the first case of concatenating 
25 channel coding and opread spectrum is considered. A source 
510 delivers a signal with a bit rate 500 which is assumed 
as b. Channel encoding (e.g. a BCH code) delivers an 
encoded bit rate 501 which results- from the bit rate b 
multiplied with the coding efficiency n/k, wherein n 
30 stands for the number of encoded bits per codeword and k 
for the number of information bits per codeword. On the 
encoded signal then spreading 512 takes place by the 
processing gain Gp. While transmitting the spread signal 
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over thB satellite transponder the spread payload signal 
8(t) is corrupted by noise and interference so that the 
receive signal s* (t) is received at the user terminal. The 
receive signal s'(t) naturally shows a fairly poor signal- 
5 to-noise ratio Bc/NO. However, after di spreading 513 the 
desired signal is shrunk to its original bandwidth, 
whereas at the same time undeoired signals arc spread in 
bandwidth by the same amount so that an increased signal- 
to-noise ratio Bob/NO can be achieved. By channel decoding 
10 514 further decoding gain can be introduced so that a 

further improved signal-to-noise ratio Eb/NO is received 
by tho receiver 515. 

Fig. 6 shows the overall resulting rate reduction due to 
15 the introduction of channel coding depending on the coding 
efficiency n/k. It has to be observed that the coding gain 
cannot be increased just as cne likes because with an 
increasing number of encoded bits per codeword n also the 
probability increases that there are distortions on the 
20 newly introduced bite. Therefore, there must be a maximum 
achievable bandwidth or a minimum overall rate reduction 
with regard to the channel bandwidth. Fig. 6 shows that 
for a 8CH code the minimum rate reduction can be achieved 
for the combination n - 127 and k « 92, whereas for the 
25 case of n - 31 the achievable minimum is more than 

double of the case n » 127. Furthermore, it can be seen 
that by the introduction of channel coding an additional 
coding gain of almost 2 could be achieved. 

30 Fig. 7 shows the effect on the bit error rate due to the 
introduction of a BCH code depending on the signal-to- 
nolse ratio per information bit Eb/NO. Fcr low values of 
Eb/NO, enhancement is not very significant, while for 
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large 3b/N0 the difference between channel coding and no 
channel coding is significant. 3elow a certain threshold 
of about 4 dB channel coding Is even less efficient than 
not coding at all- However, this case should be avoided by 
5 choosing a sufficient processing gain. 

Fig. 8 shows a plurality of satellites operated'on orbits 
with the sane longitude but with different inclinations. 
9, r, A are the stationary coordinates within each 

10 satellite, wherein q> is the latitude, r is the 

eccentricity and A is the longitude of the corresponding 
satellite. Satellite 801 is operated on a normal orbit A 
with zero inclination. Satellites 602, 803 are operated in 
inclined orbits B and C with positive inclination, whereas 

15 satellite 804 is operated in an inclined orbitD with 

negative inclination. With help of Fig. 8, some possible 
satellite configurations according to the invention will 
be described. 

20 Embodiment 1: One satellite in inclined orbit 

First, the case of Juet one satellite in inclined orbit is 
considered, e.g. satellite 802 on orbit B. Having this 
inclination, the satellite as seen from the earth performs 

25 a movement as shown in Fig. 2. The movement results in 
particular in a north-south oscillation of the satellite 
per day. Usually, this figure-eight daily movement of the 
satellite degrades the reception properties of a mobile 
user terminal. However, the invention makes it possible to 

30 fully utilize the satellite 802 for mobile communications 
purposes by providing a spreaded downlink signal . 
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An important quality in this connection is the processing 
gain of the system which is defined by the ratio of the 
spread spectrum bondwidth and the bandwidth of the signal. 
The processing gain is a measure for diminishing the 
5 influence of interference on thB receiver performance. 
Thereby, even if the satellite performs a movement seen 
from earth stations according to Fig. 2 and thus docs not 
fulfil the requirements for a reception by direct- tc -home 
satellite dishes using conventional modulation techniques. 
10 a reception is now possible using spread spectrum 
techniques. 

The error probability of the received and despread payload 
signal p' (t) can be achieved by adjusting the spreading 
15 ratio or the spread spectrum modulation accordingly. This 
can be done under the assumption of a given antenna gain 
of the antenna of said user terminal so that for typically 
used antennas the error probability will be sufficiently 
low. 

20 

However, even when using a high processing gain it can 
never be ensured that complete transmission takes place, 
because the receiver is supposed to be a mobile user 
terminal. In particular, fading due to high buildings, 
25 tunnels and high mountains has to be considered. Besides 
the diversity effect due to the apparent* movement of the 
satellite in the inclined orbit, it is possible to 
diminish fading effects by interleaving and buffering. 

30 Once, a real-time data stream (e.g. video) is started on 
the consumer's monitor, the data has to be supplied at a 
constant rote. However, the system can control when the 
first block of the stream is delivered to the consumer's 
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monitor (latency). Buffering can be used effectively to 
control the latency of delivery in video -on-demand 
applications. The more the data is buffered, the greater 
the stream startup latency, and the longer the time 'to 
5 servo a request block at the server. Advantageously, the 
diversity effect due to the apparent movement of the 
satellite in the Inclined orbit can be combined" with a 
repeated transmission of the same data streams. 

10 Another possibility to cope with fading effects is to 

provide an interleaved spread downlink signal s' (t) which 
is de-interleaved prior of demodulating. The interleaving 
separates burst errors and making them appear more random, 
so that the likelihood of accurate decoding is increased. 

IS It is generally sufficient to interleave several block 
lengths of a block-coded signal or several constraint 
lengths of a convolutionally encoded signal. Block 
interleaving is the most straight forward approach, but 
delay and memory requirements are halved with 

20 convolutional and helical interleaving techniques. 

Periodicity In the way sequences are combined io avoided 
with pseudo random interleaving. The principle of 
interleaving ir. combination with spread spectrum 
modulation enables mobile communications via geostationary 

25 satellites even ot a very high bandwidth. It io even 

possible to broadcast video programmes, if a certain time 
delay is acceptable and if forward storing is applied. 



30 



The advantages of the invention will become now fully 
apparent by the following embodiments which show preferred 
combinations with the first embodiment. 
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Ertbodiment 2: Geostationary satellite in combination with 
Embodiment 1 

In addition to the satellite 802 operated on orbit B it is 
5 now assumed, that the geostationary satellite 801 with 
fixed position and fixed antenna pointing is operated on 
orbit A. It is obvious, that satellite 801 can be operated 
in a conventional manner with high-bandwidth 
transmissions . The advantage according to the invention is 
10 the fact, that in addition to satellite 801 satellite 802 
can be provided for mobile communications as described 
above under embodiment 1. This means, that the limited 
orbit space can be better utilised. 

15 Embodiment 3: Several satellites in inclined orbits for 
GPS 

The GPS (Global Positioning System) has been coordinated . 
by the U.S. Department of Defense and provides the users 
20 with accurate timing and ranging information. The system 
is available with reduced accuracy to civilian usere . 

For specific applications it might be useful to have an 
alternative GPS system available, e.g. for redundancy 
25 reasons. Such a system can be easily realised having 
several satellites in inclined orbits. 

The basic technique for determining the GPS coordinates of 
a receiver is based on a trilateration solution as 
30 described below. For example, three satellites are 
located, wherein the positions of each satellite are 
known, if the distances dl, d2 and d3 from each satellite 
to the receiver can be measured, then the unknown position 



(4?) 



JP 2004 510393 A 2004.4.2 



WO 02/1797* 



PCT/KPO1/1I206 



30 



of the receiver can be determined. Let di denote the 
distance of the corresponding measurement of each 
satellite and let [x, y, z) and Ui, yi, zt) denote the 
Cartesian coordinates of the receiver and each satellite 
5 Pi, respectively. ?hen the following relation holds; 



where q = [x, y, zf is the unknown position vector of the 
10 receiver. The vector of the distance measurements is 
expressed as: 



15 A commonly employed method to solve for <j in this non- 
linear equation is the Gaufi-Newton iterative method. The 
best estimate of q is iteratively approximated as: 



di = V(k - 4 (y - yi y + - H f 



(1) 



- vC*-**) 2 +<y-y 0 ) 2 +{z-*>Y = f^) , 1 = 1,2,3 




(3) 



20 where F is the Jacobian matrix: 
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However, in practice not only a tri lateration 
configuration, but any other configuration like e.g. a 
bilateration or a quadrilateration configuration can be 
used. 



If the clock bias of the receiver is also unknown, a 
quadrilateration configuration is needed. Consequently, 
all four satellites muot be visible from the receiver. In 
case the clock bias can be eliminated somehow, a 
10 trilateration configuration is sufficient. A bilateration 
configuration might even apply, if a further coordinate of 
the receiver is already available, which night be e.g. the 
height above see level. 

15 in order to perform the distance measurements di, the 

corresponding satellites involved in the GP3 configuration 
have to send a reference signal with a reference time 
information. Thereupon, the propagation time and thus the 
distances di can be calculated. In principle, thera are 

20 two possibilities to provide the reference signal, namely 
either by a transparent satellite transponder or by on- 
board processing. 

Having a transparent transponder on all satellites 
25 involved in the GPS configuration, a corresponding uplink 
signal containing the reference signals will be relayed 
simultaneously by ail transponders. A separation at the 
receiver can be achieved e.g. if the transponder show a 
different frequency shift in the downlink. 



On-board processing as described above leave a plurality 
of options open for sending the reference signals to the 
receiver. Since a time synchronisation on the basis of the 
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common uplink signal is difficult to realise, is also 
possible to achieve a tine synchronisation among all 
satellites involved in the GPS configuration by a inter 
satellite communication. Once a time . synchronisation' among 
5 the satellites is thus achieved, the reference signals can 
be sent separately by each satellite, e.g. by making use 
of a CDMA scheme as described in detail above. 



10 
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Claims 

1. Method fox illuminating an area of Interest on «arth 
with a downlink signal, comprising the steps of: 

5 

operating a quasi-geoetationary satellite in an 
inclined orbit, and 

sending a spread downlink signal s'<t) from said 
10 quasi-geostationary satellite to said area of 

interest on earth. 

2. Method according to claim 1, further comprising the 
steps of modulating an uplink signal p(t) by spread 

15 spectrum modulation with a certain spreading ratio to 

generate a spread uplink signal s (t) , transmitting 
said spread uplink signal s(t) to said guaai- 
geostationary satellite, and converting said spread 
uplink signal s(t) to said spread downlink signal 

20 s'(t). 

3. Method according to claim I, comprising the steps of 
transmitting an uplink signal to said quasi- 
geostationary satellite, on-board processing in said 

25 quasi -geostationary satellite the uplink signal by 

spread spectrum modulation with a certain spreading 
ratio to generate said spread downlink signal s* (t) . 

4. Method according to one of the claims 1-3, wherein 
30 the station keeping control of said satellite is 

restricted to longitude drift corrections and 
eccentricity corrections. 
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5. Method according to one of the claims 1-4, wherein 
additional satellites are operated in co-location 
with said quasi-geostationary satellite forming a 
satellite cluster. 

5 

6. Method according to claim 5, wherein each satellite 
in said satellite cluster sends a separate spread 
downlink signal (t) . 

10 7. Method according to claim 6, wherein each spread 
downlink signal »i' (t) is given its own spreading 
sequence with low pair-wise cross-correlation for 
code-division multiple access (CDMA) . 

15 6. Method according to one of the claims 5-7, wherein 
at lea3t two satellites of said satellite cluster 
send a reference signal, wherein each reference 
signal comprises a reference tine information and a 
reference orbit information with regard to the 

20 sending satellite. 

9. Mobile user terminal, comprising: 

a mobile antenna with a low directivity, adapted to 
25 receive a spread downlink signal s'(t), which is 

emitted by a quasi-geostationary satellite operated 
in an inclined orbit, and 



30 



a processing unit for demodulating said spread 
downlink signal s'(t) by spread spectrum 
demodulation. 
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10. Mobile user terminal according to claim y, wherein 

the mobile antenna is adapted to receive signals with 
a frequency of above 10GHz. 

5 11. Mobile user terminal according to one of the claims 9 
- 10, wherein the mobile antenna is adapted to- 
receive reference signals sent from the quasi- 
geostationary satellite and at least another 
satellite operated in co-location with the quasi- 

10 geostationary satellite, wherein each reference 

signal comprises a reference time information and a 
reference orbit information with regard to the 
sending satellite and wherein the processing unit 
comprises a location processor for determining the 

15 coordinates of the mobile user terrrinal on the basis 

of the reference signals. 
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